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(57) Abstract 

A method for formulation of high superceded DNA content microspheres is described herein. A primary emulsion is formed which 
optionally contains a DNA nicking inhibitor in addition to DNA with or without buffer. The temperature of the primary emulsion is lowered 
below the freezing point of the aqueous inner phase which provides increased encapsulation efficiency by decreasing the rate of diffusion 
of DNA out of the aqueous phase. Thereafter, the primary emulsion is transferred to a water-based surfactant solution and subjected to 
homogenization to form a secondary microsphere emulsion. The organic phase is removed and the microspheres hardened which are then 
isolated, frozen and lyophilized. 
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METHOD FOR HIGH SUPERCOILED DNA CONTENT MICROSPHERES 

This application claims priority to the co-pending provisional application 
entitled "Method for High Supercoiled DNA Content Microspheres" 60/069,358 filed 
on December 12. 1997, which is incorporated in its entirety by reference. 

Background of the Invention 

The importance of DNA based therapeutics, in particular in gene therapy, has 
led to increased research and development in this area (see, for example, Friedmann, 
T. Science, 1989, 244, 1275; Miller, AD. Nature, 1992, 260, 455; Mulligan, R.C. 
Science, 1993, 260, 926; Wilson, J.M. Nature, 1993, 365, 691; Ciystal, R.G. Nature 
Med., 1995, 7,15). The use of these therapeutics can be problematic, however, 
because during drug delivery the DNA is subject to degradation. To maximize the 
power of these agents, it would be desirable to develop a mode of delivery in which 
the DNA-i>ased therapeutic is protected from degradation. 

Towards this end, several nano- or micro-encapsulation techniques have been 
developed and have been described in the literature (see, for example, Langer, R.S. 
Science 1999,249, 1527; Kato etal.J. Biol Chem. 1991, 266, 3361; Jong etal., J. 
Controlled Release 1997, 47, 123; Mathiowitz et al., Nature 1997, 386, 410; Smith et 
al. Adv. Drug Del Rev. 1997, 26, 135). Additionally, US patent 5,407,609 by Tice et 
al. describes a method of microencapsulating biological or immunological agents to 
form a microencapsulated product More recently, Ciftci et al. have developed a 
method to introduce DNA into mammalian cells using a polymer based gene delivery 
system. (Ciftci et al., Pharmaceutical Res. 1997, 14, s-639) This method, however 
only results in an encapsulation efficiency of 33-49%. 

In particular, one of the most common techniques for preparation of 
biodegradable polymer microspheres encapsulating hydrophilic molecules is the 
double-emulsion solvent evaporation method. Using this technique, the molecule to 
be encapsulated is placed in aqueous solution while the polymer is dissolved in an 
organic phase commonly consisting of methylene chloride or ethyl acetate. The two 
phases (volume organic/volume aqueous = 3-20) are emulsified, typically by 
sonication or homogenization. This primary emulsion is then added to a second 
aqueous phase and again mixed by homogenization to form the (water-in-oil)-in- 
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water double emulsion. Upon evaporation of the partially water-miseible solvent, the 
polymer-containing droplets harden to form microspheres which can then be isolated 
by filtration or centrifugation. Lyophilization removes water from the interior 
aqueous phase resulting in a dry suspension of the encapsulated material within the 

5 polymer matrix. Unfortunately, however, the encapsulation efficiency of DN A into 
the hydrophobic matrix of PLGA was low (-20%) using this method. Additionally, 
the use of this method leads to a tendency of plasmid DNA to be converted from its 
supercoiled state to a nicked or linear state. The preservation of the supercoiled DNA 
is important because it is known that supercoiled DNA retains the highest level of 

10 bioactivity (Xu et al., Biochem. 1996, 35, 5616; Yamaizumi et al., Mol Cell BioL 
1983,5,511). 

Clearly, many of the methods described above still present a problem for DNA 
therapeutics because of the tendency of DNA therapeutics to degrade during and after 
the encapsulation process. Specifically, DNA stress induced degradation is 
1 5 encountered during homogenization and lyophilization. Furthermore, the DNA is 
susceptible to diffusing out of the aqueous phase, thus decreasing the encapsulation 
efficiency. Therefore, a method of encapsulating DNA based therapeutics that 
retains the integrity of the DNA (maximizes the supercoiled-DNA content) and 
increases the encapsulation efficiency would be desirable. 

20 

Summary of the Invention 

Recognizing the need to develop improved delivery systems, the present 

invention provides methods for the formulation of high supercoiled-DNA content 

systems and microspheres. In one aspect, the present invention provides a method for 

25 the formulation of a high supercoiled DNA content system including formulating an 
emulsion having a polymer dissolved in organic solvent surrounding an aqueous inner 
phase containing DNA, and lowering the temperature of the emulsion below the 
freezing point of the aqueous inner phase. In another aspect, the method includes the 
step of removing the organic solvent and removing water from the aqueous inner 

30 phase to form the system. The system may include microspheres or another 
implantable structure. 
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In yet another aspect the invention provides a method for the formulation of 
high supercoiled DNA content microspheres which increases the encapsulation 
efficiency of DNA in microspheres and also prevents the degradation of supercoiled 
DNA during and after formulation, specifically during the homogenization and 
5 lyophilization processes. This method includes the formulation of a primary 

emulsion, and subsequently lowering of the temperature of the primary emulsion 
below the freezing point of the aqueous inner phase. Finally, the primary emulsion is 
transferred to a water-based surfactant solution and subjected to homogenization to 
form a secondary microsphere emulsion. Stirring of the secondary emulsion allows 
1 0 the removal of the organic phase and hardening of the microspheres, which are then 
isolated; frozen and lyophilized. 

In yet another aspect of the invention, a primary emulsion is formed which 
contains a DNA nicking inhibitor in addition to DNA and buffer. The presence of the 
DNA nicking inhibitor ensures that the integrity of the DNA is retained. The primary 
1 5 emulsion thus formed with the DNA nicking inhibitor can be utilized in each of the 
methods described above to provide systems and microspheres with increased 
encapsulation efficiency and DNA integrity. 

In still another aspect, the present invention provides a method for the 
cryopreparation of water soluble low molecular weight compounds to increase their 
20 encapsulation efficiency. 

Brief Description of the Drawings 

_ A. description of the invention is made with reference to the Drawing, in 

which: 

25 

Figure 1 represents a summary of the microsphere manufacturing procedure 
Figure 2 depicts the effect of homogenization rate on the diameter of 
microspheres 

Figure 3 depicts agarose gel electrophoresis of DNA in microspheres 
30 Figure 4 depicts the effect of excipients on retaining supercoiled DNA under 

microsphere procedure such as homogenization and lyophilization 
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Figure 5 depicts the effect of homogenization rate, ciyopreparation and 

addition of EDTA on remaining supercoiled DNA 

Figure 6 depicts the effect of excipients on retaining supercoiled DNA 
Figure 7 depicts the effect of lyophilization on retaining supercoiled DNA 
Figure 8 depicts the effect of saccharides on DNA stability during 

lyophilization 

Figure 9 depicts agarose gel electrophoresis of DNA incubated at room 
temperature in PBS at pH 7.4 

Figure 10 depicts the analytical methods employed for DNA structure analysis 

Detailed Description of the Invention 

Recognizing the need to retain the integrity and increase the encapsulation 
efficiency of DNA, the present invention provides methods for the formation of high 
supercoiled DNA content systems and microspheres. In general, the present invention 
utilizes a cryopreparation method in which a primary emulsion having an aqueous 
inner phase and a surrounding organic phase is first formed, and subsequently the 
temperature of the primary emulsion is lowered below the freezing point of the 
aqueous inner phase. In another aspect, the present invention also provides a method 
for the formulation a high supercoiled DNA content system in which, in addition to 
the ciyopreparation method described above, the organic solvent from the 
surrounding organic phase is removed and the water is removed from the aqueous 
inner phase to formulate the high supercoiled DNA content system. In yet another 
aspect, the inventive method also provides for the formulation of high supercoiled 
DNA content micrspheres by formulating a primary emulsion comprising a polymer 
dissolved in organic solvent surrounding an aqueous inner phase containing DNA, 
lowering the temperature of the primary emulsion below the freezing point of the 
aqueous inner phase, forming a secondary microsphere emulsion and forming the 
DNA content microspheres. 

The present invention also provides, for each of the methods described above, 
the use of a DNA nicking inhibitor in addition to DNA and buffer in the formation of 
the primary emulsions The use of a DNA nicking inhibitor is particularly preferred 
for each of the methods described above because the presence of the DNA nicking 
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inhibitor ensures that the integrity of the DNA is retained. Once the primary emulsion 
is formed with the DNA nicking inhibitor, the resulting primary emulsion can then be 
utilized in each of the methods described above. 

In still another aspect of the invention, the encapsulation efficiency of water 
5 soluble low molecular weight compounds such as peptides or hormones is increased 
by the cryopreparation step employed after formation of the primary emulsion* As 
mentioned above, the cryopreparation step decreases the ability of the water soluble 
low molecular weight compound to diffuse out of the aqueous phase. The 
cryopreparation step for water soluble molecular weight compounds is performed 
10 similarly to that for the cryopreparation step for DNA as described below. 



Description of the method of the invention: 

Although the present invention is described with reference to a method 
incorporating a DNA nicking inhibitor to form high supercoiled-DNA content 
1 5 microspheres (see example 3), one of ordinary skill in the art will realize that the 
general method will apply to each of the inventive systems and microspheres (see 
example 1). 

Specifically, the method of the invention is described with reference to the 
flow diagram of Figure 1 , which shows the microsphere manufacturing procedure. In 

20 the method of the invention, the primary emulsion is prepared according to standard 
methods and consists of a polymer dissolved in an organic solvent and surrounds an 
aqueous inner phase containing DNA and a DNA nicking inhibitor. In one 
embodiment of the invention, poly(lactic-co-giycolic)acid is the polymer used and the 
organic solvent is methylene chloride. It will be appreciated by those of ordinary skill 

25 in the art that other polymers and organic solvents may be used according to the 

method of the presently claimed invention. Other wall-forming materials include, but 
are not limited to, poly(lactide), poly(glycolide), poly(caprolactone), and 
poly(hydroxybutyrate). Other solvents may be chosen by one of ordinary skill in the 
art with the limitation that the solvent must dissolve the wail material and also that the 

30 solvent have limited solubility in the extraction medium. One example of a preferred 
solvent is ethyl acetate. In a preferred embodiment of the present invention, a DNA 
nicking inhibitor is employed in the presence of a chelator such as EDTA or DTP A. 
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A suitable concentration of EDTA is above 0.5 raM. In another embodiment of the 
invention, the DNA nicking inhibitor is employed alone. Preferred DNA nicking 
inhibitors to be used in the claimed invention include carbohydrates, disaccharides, 
higher molecular weight saccharides, or water soluble polymers. Specific 

5 carbohydrates include, but are not limited to, fructose, erythrose, threose, ribose, 

arabinose, xylose, lyxose, allose, altrose, glucose, mannose, gluose, idose, galactose, 
erythrulose, ribulose, xylulose, psicose, fructose, sorbose, tagatose, fructofuranose, 
ribofuranose, ribose, deoxyribose, mannitol, and sialic acid Specific disaccharides 
include but are not limited to sucrose, lactose, maltose, cellobiose, trehalose, and 

1 0 lactulose. Specific polysaccharides include but are not limited to starch, glycogen, 

cellulose, chondroitin, keratin, haparin, dermatan, and haluronic acid. Specific water 
soluble polymers include but are not limited to polyethylene oxide and polyethylene 
glycol. The concentration of the DNA nicking inhibitors is preferably in the range of 
100-300 mM, and most preferably about 300 mM. Specifically, concentrations of 

1 5 more than 1 00 mM can be utilized in the present invention, with the limitation that the 
saccharide must still be soluble. 

Once the desired primary emulsion is formed, most preferably by sonication, 
the primary emulsion temperature is then lowered below the freezing point of the 
aqueous inner phase. In a preferred embodiment, the temperature of the primary 

20 emulsion is lowered by submersion into liquid nitrogen. Other methods of lowering 
the temperature of the primary emulsion include immersion of the primary emulsion 
(contained in a sealed vessel) into a solution of dry ice and acetone. 

In a preferred embodiment, the organic phase is then melted until the 
suspension reaches -30°C. Temperatures in the range of -50°C to -10°C may also be 

25 employed in this step. In a preferred embodiment, the water-based surfactant solution 
is a solution of 5% polyvinyl alcohol containing 300 mM lactose. It will be 
appreciated by those of ordinary skill in the art that other water based surfactant 
solutions include but are not limited to carboxymethyl cellulose, gelatin, 
poly(vinylpyrrolidone), Tween 80, and Tween 20. In preferred embodiments, the 

30 secondary emulsion is formed using homogenization preferably at a range of 5,000 to 
9,000 RPM for 1.4 seconds. The homogenization occurs most preferably at about 
7000 RPM. It will be appreciated by one of ordinary skill in the art that the desired 
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size of the spheres depends upon the rate of the homogenization. Figure 2 shows the 
effect of the homogenization rate on the diameter of the microspheres. For the 
purposes of the present invention, spheres with a size of approximately 5 microns are 
desired, because of the ability of microspheres of this size to enter into phagocytic 

5 cells and deliver the therapeutic agent After homogenization, the microspheres are 
formed in one embodiment by adding the secondary emulsion to a surfactant solution 
such as polyvinyl alcohol (most preferably 1%) in 300 mM lactose, and stirred for at 
least 3 hours at room temperature to remove the methylene chloride. In preferred 
embodiments, microspheres are collected by centrifugation, washed with distilled 

1 0 water and lyophilized for 1 5 hours. 

Characteristics of Microspheres: 

In preferred embodiments, the collected microspheres described above 
preferably have mean diameters of less than 1 mm, and more preferably less than 1 0 

1 5 microns, and most preferably about 4.8 microns. Additionally, the microspheres 

contain most preferably greater than 88% of the supercoiled DNA (Figures 3 and 4). 
Moreover, the encapsulation efficiency is most preferably about 89%. For the 
purposes of the present invention encapsulation efficiency is determined by 
comparing the amount of DNA initially used with the amount of DNA actually 

20 encapsulated 

In comparison, using the standard double-emulsion preparation method (5000 
rpm homogenization rate), the resulting microspheres had a mean volume diameter of 
4.5|im, a remaining supercoiled-DNA content of 39%> and a DNA encapsulation 
efficiency of 23%. It is apparent that cryopreparation prevents degradation of DNA 

25 and increases the encapsulation of DNA. These results suggest that the increase in 
DNA encapsulation efficiency is caused by preventing its diffusion out of the inner 
aqueous phase by freezing the primary emulsion. Furthermore, addition of DNA- 
nicking inhibitors to the DNA solution is important to prevent DNA degradation 
during this microsphere manufacturing process. Ninety-five percent of supercoiled 

30 DNA was retained before lyophilization and 88% of supercoiled DNA was retained 
after lyophilization. as. shown in Figure 3. In addition, Figure 4 compares the 
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supercoiled DNA content in microspheres using water, EDTA, PBS, or lactose in the 
DNA solution. 

Stability of DNA Structure against Shear Stress: 
5 As discussed above, in the cryopreparation method, the aqueous phase of the 

primary emulsion is frozen. Since the shear stress inside a solid equals zero, it is 
expected that cryopreparation would help to preserve the supercoiled DNA during 
homogenization. This is supported by the results depicted in Figure 5 which indicates 
that the supercoiled-DNA content decreases with an increase in homogenization rate, 

1 0 and that using the cryopreparation method preserves the supercoiled-DNA content 
These results suggest that freezing the inner DNA solution protects the DNA from 
degradation by shear stress, and suggests that cryopreparation is a useful method to 
prevent supercoiled DNA from degrading during microsphere preparation. When 
ethylenediaminetetraacetic acid (EDTA) was added to the DNA solution, the 

1 5 supercoiled-DNA content of the resulting microspheres was significantly higher than 
in the absence of EDTA. EDTA is a chelator of divalent metal cations and inhibits 
the activity of DNase by this mechanism. This activity of EDTA suggests that the 
stability of DNA in the presence of EDTA may be due to DNase inhibition. In order 
to examine this possibility of calcium-dependent DNase-mediated degradation, a 

20 calcium ionophore (N, N, N\ N'-tetracyclohexyldiglycolic diamide was also included 
(calcium ionophore II, log Kc, = 10.1, \x = 0.1, 20 °C) instead of EDTA (log = 
1 1 .0, n = 0. 1, 20° C). As shown in Figure 6, it is apparent that the calcium ionophore 
II did not act as a DNA stabilizer. Therefore, it is likely that the mechanism of DNA 
stabilization during cryopreparation is not a result of calcium-dependent DNase 

25 inhibition. In addition, Figure 6 indicates that DNA degradation during 

cryopreparation was not inhibited by the addition of PBS (1 mM K 2 HP0 4 , 10 mM 
Na2HP0 4 , 137 mM NaCl, 2.7 mM KC1 pH 7.0), Tris, or lactose to the DNA solution. 
In the case of addition of PBS or Tris to the DNA solution containing unbuffered 
EDTA, the supercoiled-DNA content was increased from 75% to 95%. The exact 

30 mechanism of DNA stabilization is unknown. However, it is apparent that the 
presence of both lactose and EDTA in the DNA solution is important for the 
stabilization of supercoiled DNA against degradation during cryopreparation. 
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Stability of DNA Structure during Lyophilization: 

DNA samples were directly lyophiiized to study the effect of lyophilization on 
DNA stability. Figure 7 indicates that the DNA stability in 300 mM lactose and in 1 
mM EDTA was the same as thai of DNA in water. On the other hand, when Tris 
5 buffer or PBS was used in the DNA solution, DNA degradation was increased. Salts 
such as sodium phosphate are known to form crystals upon freezing and it was 
speculated that DNA nicking was caused by the salt crystallization. (In the presence 
of 1 mM EDTA, however, the salt concentration might not be high enough to degrade 
DNA by its crystallization) Saccharides are known cryoprotectants for proteins during 

1 0 lyophilization, and it was reasoned that they may protect DNA in similar fashion. 

Therefore, the effect of saccharides on DNA stability upbn lyophilizatidn i from TE 
buffer was examined. Figure 8 indicates that the DNA degradation was decreased 
with an increase in the amount of saccharide. Other disaccharides such as maltose, 
trehalose, and cellobiose showed DNA stabilization similar to the effect of lactose. 

1 5 The addition of saccharides in the inner aqueous phase of the primary emulsion 

improved the supercoiled DNA content of the microspheres, as well. Note that the 
concentrations of glucose are 100, 200 and 600 mM while those of sucrose and 
lactose are 50, 100 and 300 mM. This indicates that DNA stability depends on the 
total mass of saccharide and not the molar concentration of sugar. 

20 Acidic pH is also known to damage DNA by depurination (Suzuki et al., 

Nucleic Acids Res. 1994, 22, 4997). Freezing of sodium phosphate buffer, initially at 
pH 7.0 may result in pH as low as 4.0, and this process could potentially contribute to 
the observed plasmid degradation. However, DNA which was incubated forup to 60 
min at room temperature in PBS (Figure 9) or TE (10 mM Tris/1 mM EDTA) showed 

25 no degradation at either pH 7.4 or pH 4.0 (Szkudlarek et al., Abstr. Pap. Am. Chem. 
Soc. 1996, 211, 38-BIOT). Thus, it is believed that any pH changes in the solution 
upon freezing have negligible effect on the DNA stability during microsphere 
preparation. 

30 The presentlyxlairned invention is exemplified below, however, these 

examples are not intended to limit the scope of the presently claimed invention. 
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Examples 

Materials : Plasmid DNA (pCMV-P-gal) was purified from Exoli (DH5a) using 
Plasmid Mega Kit column isolation (QIAGEN, CA), followed by ethanol 
5 precipitation. Poly(cU-lactic-co-glycolic acid) (PLGA), with a comonomer ratio of 
50:50 and an inherent viscosity n = 0.4 (Resomer RG503, MW 3 1,000) was 
purchased from Boehringer Ingelheim (Germany). The emulsifier, poly(vinyl 
alcohol) (PVA) (88 mol % hydrolyzed, MW 25,000), was purchased from 
Polysciences, Inc. (Warrington, PA). All other chemicals used were of the highest 
1 0 grade commercially available. 



Example 1 : Crypreparation: DNA containing microspheres were prepared using a 
cryopreparation method based on the water-in-oil-in-water double emulsion solvent- 
evaporation method. The two phases, consisting of 250 nm of DNA solution (250 jig 

15 of DNA) and 7 mL of methylene chloride containing 200 mg of PLGA, were 

emulsified by sonication for 10 s (ultrasonic probe, Sonic & Materials, Inc.) At room 
temperature. The primary emulsion temperature was then lowered below the freezing 
point of the aqueous inner phase by liquid nitrogen immersion, and 50 mL of a 5% 
PVA solution (4-7°C) was added and homogenized at 5000-9000 rpm for 14 s 

20 (Silverson L4R homogenizer). After homogenization, the resulting emulsion was 
diluted in 1 00 mL of 1% PVA, and the system was stirred magnetically for 3 h to 
allow for evaporation of the organic solvent Microspheres were finally collected by 
centrifiigation and washed 3 times with water to remove excess PVA. Note that alLof- 
the PVA solutions were adjusted to the osmotic pressure of the inner aqueous phase 

25 using agents such as saccharides. The microspheres were resuspended in 

approximately I mL of water, frozen in liquid nitrogen, and lyophilized at room 
temperature for 24 h on a Labconco Freeze-Dryer 8. 

Example 2 : Achieving DNA Stability against Lyophilization Using Excipients: The 
30 effect of lyophilization on DNA was studied by directly lyophilizing DNA samples 
(20 tig/mL). Aliquots (1 mL each) of the DNA solutions, with or without excipients, 
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were frozen in 20 mL disposable scitillation vials by liquid nitrogen immersion and 
immediately lyophilized at room temperature for 15 h. 

Example 3: Optimized Microsphere Preparation: The two phases, consisting of 250 
5 \iL of DNA in water (750 fig of DNA) containing 1 mM EDTA and 300 mM lactose 
(pH 7.0) and 7 mL of methylene chloride containing 200 mg of PLGA, were 
emulsified by soni cation as described above. After the primary emulsion was 
cryoprepared, 50 mL of 5% PVA solution containing 300 mM lactose was added to 
the solution and homogenized at 7000 rpm for 14 s. The resulting double emulsion 
10 was then diluted in 1 00 mL of 1% PVA solution with 300 mM lactose, and the system 
was stirred magnetically for 3 h to allow the evaporation of the organic solvent 
Microspheres were finally collected by centrifugation, washed three times with 
distilled water, and then lyophilized at room temperature to obtain a powder. 

15 Example 4 : Analysis of DNA Structure: The DNA structure was analyzed by agarose 
gel elecrophoresis (1% agarose containing ethidium bromide, 1 10 V, 90 min) and 
compared to untreated stock DNA for semiquantitative determination of supercoiled- 
DNA content using a BioRad Gel Doc 1000 (Software, Molecular Analyst 2.1). As 
shown in Figure 1 0, each DNA band was integrated as a volume. Supercoiled DNA 

20 (SC DNA) content was defined as the volume integrated from the supercoiled DNA 
band over the total volume inntegrated from all bands. In other words, SC DNA 
content eqals (SC DNA volume - background volume)/[SC DNA volume + linear 
volume + nicked DNA volume - (3 x background volume)]. SC DNA content 
remaining after preparation was calculated as follows: SC DNA remaining (initial %) 

25 = 100 x (SC DNA content of sample DNA)/(SC DNA content of initial DNA). 

Example 5 : Quantitation of DNA Content in Microsphere: The microsphere DNA 
content was determined using fluorescent reagent PicoGreen (Molecular Probes, 
Eugene, OR) which preferentially binds to double stranded DNA and to a lesser 
30 extent to single stranded DNA. Fluroescence (lex - 480 nm, I = 520 nm) of extracted 
DNA was compared toa standard curve, using plasmid DNA, which was linear from 1 
to 50 ng/mL. The encapsulation efficiency was determined as the amount of DNA 

11 
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recovered from the microspheres relative to the initial amount of DNA used 
(encapsulation efficiency = 100 x (DNA recovered)/(initial DNA)]. 

Example 6 : Particle Size of Microsphere: Particle size distribution of microspheres 
5 was analyzed by a Coulter Multisizer II (Coullter Electronics Inc., Hialeah, FL), and 
the mean volume diameter distribution was determined. 



10 What is claimed is: 
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Claims 



3 1 . A method for the formulation of a high supercoiled DNA content system 

4 comprising: 

5 formulating an emulsion comprising a polymer dissolved in organic solvent 

6 surrounding an aqueous inner phase containing DNA; and 

7 lowering the temperature of the emulsion below the freezing point of the 

8 aqueous inner phase to form the system. 
9 

10 2. A method for the formulation of a high supercoiled DNA content system 

11 comprising: 

12 formulating an emulsion comprising a polymer dissolved in organic solvent 

1 3 surrounding an aqueous inner phase containing DNA; 

1 4 lowering the temperature of the emulsion below the freezing point of the 

15 aqueous inner 

16 phase; and 

1 7 removing the organic solvent and removing water from the aqueous inner 

1 8 phase to form the high supercoiled DNA content system. 
19 

20 3 . A method for the formulation of high supercoiled DNA content microspheres 

21 comprising: 

22 formulating a primary emulsion comprising a polymer dissolved in organic 

23 solvent surrounding an aqueous inner phase containing DNA; 

24 lowering the temperature of the primary emulsion below the freezing point of 

25 said aqueous inner phase; 

26 forming a secondary microsphere emulsion; and 

27 forming the high supercoiled DNA content microspheres. 
28 

29 4. The method of claim 3, wherein forming a secondary microsphere emulsion 

30 comprises: 

3 1 transferring the primary emulsion to a water-based surfactant solution; and 

32 homogenization of the primary emulsion and the water-based surfactant 
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1 5. The method of claim 3, wherein forming the microspheres comprises removal 

2 of the organic phase and hardening of the microspheres. 
3 

4 6. The method of claim 5, wherein removal of the organic phase comprises 

5 evaporation of the organic solvent 
6 

7 7. The method of claims 1 , 2, or 3 wherein the aqueous inner phase further 

8 includes a chelator and a DNA nicking inhibitor 
9 

10 8 . The method of claims 1 , 2, or 3 wherein the aqueous inner phase further 

1 1 includes buffer, chelator, and a DNA nicking inhibitor. 
12 

13 9. The method of claim 1 or 2 wherein the system comprises microspheres. 
14 

15 1 0. The method of claim 1 or 2 wherein the system comprises an implantable 

16 structure. 
17 

18 11. The method of claim 3 further comprising isolation of the microspheres. 
19 

20 1 2. The method of claim 1 1 , wherein isolation of the microspheres comprises: 

2 1 centrifuging the microspheres; 

22 freezing the microspheres in liquid nitrogen; and 

23 lyophilizing the microspheres. 
24 

25 13. A high supercoiled DNA content microsphere formed by the method of claim 

26 3 comprising a wall-forming polymeric material, DNA, buffer, chelator, and a DNA 

27 nicking inhibitor. 
28 

29 14. A high supercoiled DNA content microsphere formed by the method of claim 

30 3 comprising a wall-forming polymeric material, DNA, chelator, and DNA nicking 

31 inhibitor. 
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1 15. The high supercoiled DNA content microsphere of claim 3 wherein said 

2 microsphere has a mean diameter of less than 1 0 microns, contains over 88% of the 

3 supercoiled DNA and has an encapsulation efficiency of about 89%. 
4 

5 1 6. The method of claim 7 or 8 wherein said DNA nicking inhibitor is selected 

6 from the group consisting of carbohydrates, disaccharides, higher molecular weight 

7 saccharides and water-soluble polymers. 
8 

9 17. The method of claim 7 or 8, wherein the chelator is EDTA. 
10 

11 18. The method of claim 1 6 wherein the concentration of said DNA nicking 

1 2 inhibitor is preferably greater than 1 00 mM. 
13 

14 19. The method of claim 1 6 wherein the concentration of said DNA nicking 

1 5 inhibitor is preferably in the range of 1 00 mM to 300 mM 
16 

1 7 20. The method of claim 1 6 wherein the concentration of said DNA nicking 

1 8 inhibitor is preferably about 300 mM. 
19 

20 21. The method of claim 1 6 wherein the carbohydrate is selected from the group 

21 consisting of fructose, erythrose, threose, ribose, arabinose, xylose, lyxose, allose, 

22 altrose, glucose, idose, galactose, erythrulose, ribulose, xylulose, psicose, fructose, 

23 sorbose, tagatose, fructofuranose, ribofuianose, ribose, deoxyribose, mannitol, and 

24 sialic acid. 
25 

26 22. The method of claim 1 6 wherein said disaccharide is selected from the group 

27 consisting of sucrose, lactose, maltose, cellobiose, trehalose and lactulose. 
28 

29 23. The method of claim 16 wherein polysaccharide is selected from the group 

30 consisting of starch, glycogen, cellulose, chondroitin, keratan, heparin, deimatan and 

31 haluronic acid. 
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1 24. The method of claim 1 6 wherein said polymer comprises polyethylene oxide. 

2 

3 25. The method of claim of 16 wherein said polymer comprises polyethylene 

4 glycol. 
5 

6 
7 
8 
9 
10 
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v m it 



Initial I>N.\ 



Jyophrh nation 
IN MS 

S5J % of 



Dna after 

'O MS 

of SCDNA 
remand *^ 



figure 3-Agamse gel etectophor^s of DNA in microspheres (M5&(N- 
3). From left to right, lanes 1 and 11: 1 kb ladder, lanes 2-4: M8a> 
teres 5-7: DNA in MS before iycphSzaticn; lanes 8-10: DNA in MS aftr 
lyophSzatwx 
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Effect of erapicnts on retaining snpeicofl cd DNA (S.CJDNA) under microsphere 
nnKf^^tr** t^yi ? ^ hi^gy^OTHnrnTinn and lyfrphilfy^Wnn, Samples were prepared by 
cxyoprcparatico, and the homcgenizaiion rate was 7C00 rpm fox 14 sec (N = 3) 





S.CDNA rcniainins 


0nhi3l%±SD) 




Before lvonhilization 


After lycohilization 


Water 


423±0.7 


39.0±4.2 


1 mM JEDTA solution, pH7~5 


78.2±1.7 


683±3.6 


Phosphate Buffered gaKu*, pH 7 J 


49.1±4.S 


19.8±0.4 


300 mM T .armsc solution, pH 7,5 


41.7±2.4 


20.8±13 


300 mM Lactose/1 mM EDTA solution. vH 7-5 


95.U0.7 


8S.6sl.9 
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. TTnV»i ofhomo^ fin/nnnn rate. ciyupie|m^tinn arf^r m r>f FrrfA 

remaining snrcrco2cd DNA (S.CJDNA) (N - 3). 



S.C DNA rexnnirmg (inMaI% ± SD) 



DNA sofcmon 


5000 rom 


7000 rom 


9000 rnm 


Waier wiifaour cryoprrpararion 


3<5.9±1.9 


26.1±3.6 


20.1+3.4 


Water with cryopieparalian 


54.4±L1 


46.2±0.7 


37J+4.7 


EDTA* wixhotn aypprepanrion 


68.4±1.9 


47.0+2.6 


40.6+0.3 


EDTA C with cryomeoanxrion 


92.2+1.3 


75.5+^.1 


64.7+3.5 



a \ mMEDTA. pH 7.3 
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Effect of excrpients on retaining snpercoilcd DNA (S.CDNA). Samples were 



spared by c»)iuj^qjaurion; botnogeni77irion rate = 7000 ipm, 14 sec (N = 3) 




S.CDNA remaining 


DNA solution 


(imrial^±SD) 


Water 


46J2±0.7 


1 xnMEDTA somtian, pH 7-5 


75.5S2.1 




36.1±0 # 8 


10 mM Tns bnfe; pH 7 J 


40.5+2.5 


Phosphate Buffered Saline, pH 7.5 


36.1±3.5 


300 mM Lactose solution, pH 7-5 


39.6±2.7 


1 mMEDTA/10 mM Tris buffer. pH 7J 


62.1±2.7 


1 mM EDTA/Fhcwphatc Buffered Saline, pH 7-5 


68.2+5.2 


300 mM T aaasefl mM EDTA solution, pH 7-5 


94.5±1.0 


300 mM Laoosc/1 mM EDTA/1 OmMTiis buffer. pH 13 


86.2±3.6 
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Effect aflyophilizarion on retaining sapcrcoilcd DNA (S.CJDNA). DNA samples 
-were directly jyophxlized without tbe presence of PLGA or undergoing xmcrospnerc 
preparations. 



S.CDNA remaining 



Dr^sctotion (aasxal%±SD) 

Water 97.9±L0 

ImMHTCA solution, pH 7.5 95.2±0.S 

1 0 mM Tris buffer, pH 7-5 70.1±2~5 

Phosphate Buffered Saline, pH 7-5 424±3.8 

300 mM T ^rrmr solution, pH 15 95.i±0.4 

1 mMEDTA/10 mM Tris bufer; pH 15 73.0±0.8 

1 mM EOTA/Fhcspfaaie Buffered Saline, pH 15 41A+2.6 

300mMLacrQse/l mM H3T A solution. pH 15 9S.6±0.6 
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Saccharide Concn. (mg/ml) 



0>NA fn TE buffer- 
with tncreBsfr^ scuoona^udc 

9 : _Giucose 

Q: L3CtaS€ 

Sucftose 
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Figure q -Agarose $ei etearophoresfe of DNA incubated a mom tenpgcature 
in PBS &t pH 7 A (fanes 1-4) and pH 4.0 (fanes 5-7} for frflane 1), 10 (lanes 
2, 5), 30 (fanes 3, 6). or 60 (Janes 4, 7) mm. 



WO 99/29304 



10 / 10 



PCT/US98/26462 



e 

o 




>> 
a 

as 
< 

S 

o 



S 

u 

I 

a 
e 

I 
>» 



2 



I* 
U 

#! 



3 * 

is 

3 8 



CI C 

« s 

as o 

2 a 



00 o 

3 S 

Q £ 

2 I 

o 

MS 



o 



« 2 •= 



Q 

CO 



INTERNATIONAL SEARCH REPORT 



In ttionaf Application No 

PCT/US 98/26462 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61K9/16 A61K9/50 



A61K48/00 



Accenting to international Patent Classification (IPC) or to both national classification and IPC 



3. FIELDS SEARCHED 



Minimum documentation searcned (ciassdicabdn system followed by classification symbols) 

IPC 6 A61K 



Oocumontation searched other man minimum documentation to me extent mat such documents are included in the fields searched 



Electrons; data base consulted dunng the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropnate. of the relevant passages 


Relevant to claim No. 


X 


WO 97 03702 A (UNIV BROWN RES FOUND) 


1,2,9,10 




6 February 1997 


Y 


see page 7, line 19 - line 27 


3-8, 






11-25 




see page 10, line 13 - line 19 






see page 31; example 2 




Y 


WO 97 17063 A (FARRAR GRAHAM HENRY 


1-25 




MICROBIOLOGICAL RES AUTHORITY (GB); CLEGG 




JAM) 15 May 1997 






see page 8, paragraph 3 






see page 9, paragraph 3 - page 10, 






paragraph 1 




Y 


W0 95 24929 A (UNIV BROWN RES FOUND) 


1-25 




21 September 1995 






see page 20, line 17 - line 29 











DO 



Further documents are listed in the continuation of box C. 



Patent farraty members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the ait which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

fifing date 

V document which may throw doubts on priority ctaimfs)or 
which is cited to establish the publication date of another 
citation or other speaai reason (as specified) 

"O" document referring to an oraf disclosure, use, exhtxtion or 
other means 

"P" document published prior to the international fflincj date but 
later than the priority date claimed 



T later document published after the international fling date 
or priority date and not in conflict with the application but 
cit ed to understand the principte or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taJcen alone 

"Y* document of particular relevance: the claimed irrverttion 
cannot be considered to involve an inventive step when the 
document is combined with one or more other sucn docu- 
ments, such combination being obvtous to a person stalled 
in the art 

"A" document member of the same patent famfiy 



Date of the actual completion of the mlematiorml.aoarch. - 

28 April 1999 


Date of mailing of the international search report 

10/05/1999 


Name and marling address of the ISA \ 

European Patent Office. PB. 581 8 Patentiaan 2 
NL • 2280 MV Rlfswjk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nU 
Fax: (♦31-70)340-3018 


Authorized officer 

Seegert, K 



Form PCT/ISAfllO (Mesne rts«o {Jury 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



im Alan* Application No 

PCT/US 98/26462 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J Citation ot ctocumem, with moicatoa where appropriate, ot the relevant passages 



Relevant to daim No. 



p,x 



p.x 



WO 98 31398 A (HEDLEY MARY LYNNE ; PANGAEA 
PHARMACEUTICALS INC (US); CUR LEY JOANNE) 
23 July 1998 

see page 39, line 17 - page 43, line 20; 
claims 

HO 98 51279 A ( FARRAR GRAHAM HENRY 
;MICR0BI0L0GICAL RES AUTHORITY (GB); CLEGG 
JAM) 19 November 1998 
see page 31, paragraph 4 - page 32; claims 

JONG Y.S. ET AL: "Controlled Release of 
Plasraid ONA" 

JOURNAL OF CONTROLLED RELEASE, 

vol. 47, 1997, pages 123-124, XP004125824 _ 

cited In the application 

see page 124, right-hand column, last 

paragraph 

see abstract 



13-15 



1-25 



1,2,10 



3-9, 
11-25 



Perm PCT/tSA/210 (oonannwi d Mcond sftMQ guy 1Ba2 ) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 





Information on patent (amity nw 




Iftt Uona) Application No 

PCT/US 98/26462 


Patent document 
cited in search report 


Publication 
data 


Patent family 
member(s) 


Publication 
data 


WO 9703702 


A 


06-02-1997 


AU 
AU 
EP 
EP 
UO 


6505096 A 
6762396 A 
0844871 A 
0840623 A 
9703657 A 


18-02-1997 
18-02-1997 
03-06-1998 
13-05-1998 
06-02-1997 



WO 9717063 


A 


15-05- 


-1997 


AU 
CA 
EP 


7578996 A 
2236925 A 
0862419 A 


29-05-1997 
15-05-1997 
09-09-1998 


W0 9524929 


A 


21-09- 


-1995 


AU 
CA 
EP 


2121495 A 
2190121 A 
0804249 A 


03-10-1995 
21-09-1995 
05-11-1997 


U0 9831398 


A 


23-07- 


•1998 


US 
AU 
CA 


5783567 A 
6250698 A 
2203857 A 


21- 07-1998 
07-08-1998 

22- 07-1998 


W0 9851279 


A 


19-11- 


•1998 


AU 


7440898 A 


08-12-1998 



F*m PCT7ISA/21 0 (psMtt t*n*f anno) <JUy i W2) 



